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In pre-type 2 Ostertagiasis many fourth stage larvae enter the 
gastric glands and remain dormant thus causing little or no patho-
logical effects.Type 2 disease occurs mainly in cattle when the larvae
are activated and emerge from parasitized glands some 4–5 months
later. If carriers of Type 2 infection are not treated with an effective
anthelminthic at or following housing they may be a source of pas-
ture in-fection in the following grazing season. Calves and weanlings
or weanlings and older stock are susceptible to Type 1 or Type 2
Ostertagiasis, respectively.
As only 5 % of the worm population are present in the animals,
effective husbandry and environmental management may reduce the
parasite burden at pasture. The suppression of infection can be
achieved by the regular use of anthelminthic products. The avoid-
ance of infection can be achieved by the frequent moving of 
susceptible animals to clean (re-seed, silage aftermath or pasture
grazed by sheep) or safe (pasture grazed in the previous year by
animals 2 years of age or older) pastures.The dilution of infection
can be achieved by using groups of stock to cut down on the num-
bers of eggs/larvae passed via the faeces onto the pasture and is
based on the assumption that resistant adult cattle will not play a
role in the life cycle of the nematode.
The objective of this project was to examine the effect of 
methods of animal management in a dairy calf to beef (Study 1) and
a suckler beef (Study 2) production system on parasitic burdens of
calves and accompanying animals. Parasitic burdens were defined by
quantifying faecal egg counts and plasma pepsinogen levels (concen-
trations greater than 1U/l are an indicator of a possible heavy para-
sitic burden).
In the first study three different grazing systems for dairy calves
and steers, were investigated.The leader follower system (L-F1) was
described by calves grazing ahead of steers; the separate (S) system
was described by calves and steers grazing separate areas and thirdly
the combined (T) system where both calves and steers grazed
together. In the second study, two different grazing systems for
suckler cows and calves, and yearling animals were examined. The
leader follower (L-F2) system was described by yearlings grazing
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I N T R O D U C T I O N
Existing in the gastrointestinal tract of bovines, stomach worms can
cause diarrhoea, digestive disorders and interfere with food absorp-
tion.The extent of the symptoms will depend on age and immune
status of the animal and level of contamination of the herbage.
Artificially reared calves and autumn born suckler calves at grass for
the first time are most at risk of infection, often evident through
poor thrive. The effective control of pasture contamination for
young calves has been shown to benefit liveweight gain (Figure 1,
Downey and Hope-Cawdery, 1988). Older animals who have had
sufficient exposure to stomach worms in previous grazing seasons
will develop a protective immune response and seldom succumb to
infection.
Stomach worms have a predictable life cycle, which often allows
for effective management of grassland and subsequent reduction in
pasture contamination and infections.The lifecycle of Ostertagia, one
of the most common stomach worms associated with Irish beef
production systems is described in Figure 2. On mating the female
worm lays eggs which are passed out in the dung. These eggs are
resistant to cold and can survive extreme conditions over the win-
ter on pastures, before maturing to the larvae stage when temper-
atures rise greater than 10°C. Therefore, in early spring, eggs
deposited on the pasture the previous winter or at early turnout
can take several weeks to complete their development, while eggs
passed later develop more rapidly.This can result in the mutual mat-
uration of all eggs with the main pasture infection occurring from
mid-July onwards and declining in early spring.
Two forms of Ostertagiasis have been identified. Ostertagiasis
Type 1 is seen with high stocking rates on permanent calf paddocks.
In this form the lifecycle proceeds from infective larvae to adult
form in about three weeks.Type 2 Ostertagiasis can occur due to
the ingestion of contaminated pasture in late autumn, where the
development of Ostertagia ostertagii post ingestion becomes arrested.
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E X P E R I M E N TA L D E TA I L
Study 1
Experimental hypothesis
In a dairy calf to beef production system, the faecal egg counts of
calves would be reduced when grazing ahead of yearling cattle rather
than when grazing together with yearlings or grazing in isolation.
Materials and methods
Randomised blocked design with 3 systems x 16 (calves or year-
lings) per system.
Animal management
Forty-eight Charolais x Friesian steers and 48 Charolais x Friesian
calves were blocked on liveweight and randomly assigned within
block to one of 3 groups; Leader Follower (L-F1), together (T) or
separate (S) grazing systems.Yearling cattle went to pasture on 19th
March, weighing 325kg and calves were turned out to pasture on
14th May, weighing 114kg.The 6.75 ha grazing area, was divided into
27 plots (0.25 ha each) which were then assigned at random to the
three grazing systems. In the LF treatment, the calves always occu-
pied the plot immediately ahead of the yearlings in the rotation. In
the T treatment, the calves and yearlings were mixed and started the
rotation at the same time as LF. In the S treatment, plots were
assigned to calves and yearlings at the start of each rotation pro-
portionate to mean metabolic bodyweight.Animals were inspected
daily for general health. All animals were weighed monthly from
turnout to September. All calves received their first Ivermectin
injection, subcutaneously, on 27th May, and at 6-weekly intervals
thereafter.
Parasitological measurements
Calves and steers were blood sampled by jugular venipuncture 13
days after turnout and at 6-weekly intervals thereafter. Animals
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ahead of suckler cows with calves at foot or a conventional (C) 
system where the cows and calves grazed areas separate to the
yearlings.
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granulocytes (3.2 ± 0.89 vs. 8.4 ± 1.66) than leader-follower (L-F)
calves. MCV values were significantly lower in together (T) (24.5 ±
1.07 vs. 27.0 ± 0.46 fl) calves while platelet number (1059.0 ± 64.56
vs. 922.5 ± 45.53 and 929.0 ± 55.27 x103/ml) and NEFA concentra-
tions were higher in the T (0.5 ± 0.03 vs. 0.4 ± 0.04 and 0.3 ± 0.03
mmol/l) calves compared with LF and S calves.There was no signif-
icant difference in blood parameters in the steers, with the excep-
tion of lower creatinine levels in the L-F (92.1 ± 2.34 vs. 100.3 ±
3.08 mmol/l) treatment when compared with T steers.
On the 8th July (8 weeks post-turnout) there was no significant
difference in calf parasitic burdens. However, ostertagia counts were
significantly elevated when compared with values obtained 2 weeks
after turnout. Hoose larvae were not present in the faeces of calves.
No faecal measures were made on the steers at this time. Plasma
pepsinogens were significantly lower in L-F calves when compared
with T calves (0.48 ± 0.08 vs. 0.72 ± 0.06 U/l). Significant changes
were detected in haematological parameters; L-F calves had signifi-
cantly higher white cell counts than S and T calves (14.54±0.80 vs.
11.28 ± 0.78 and 12.15± 0.53 x103/ml). Creatinine concentrations
were significantly lower in T calves than L-F calves (78.81 ± 1.88 vs.
89.63 ± 2.03 mmol/l). Steers in the L-F system had significantly
lower plasma NEFA concentrations than the S steers (0.04 ± 0.00
vs. 0.06 ± 0.01 mmol/l). There was no other significant change in
blood physiology across the three treatment groups.
On the 10th August, there were no significant changes in LPG
counts, nematode levels nor ostertagia counts in faecal samples 
collected from calves and steers in their respective systems. Faecal
ostertagia counts were significantly lower in calves when compared
with previous sampling times. Calves in the L-F grazing system had
significantly higher blood creatinine concentrations compared with
values obtained for calves in the S and T grazing systems (96.25 ±
1.72 vs. 84.49 ± 3.12 and 77.09 ± 1.87 mmol /l). Blood platelet 
numbers were significantly lower in L-F calves compared with T and
S calves (692.31 ± 32.74 vs. 828.31 ± 56.64 and 809.63 ± 38.55
x103/ml). Separated calves had significantly lower plasma NEFA levels
(0.06 ± 0.01 vs. 0.3 ± 0.01 mmol/l) and higher BHB levels than T
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were sampled on each occasion prior to anthelminthic treatment.
Samples were collected into EDTA-coated tubes for plasma
pepsinogen measurements.All animals were faeces sampled 13 days
after turnout and at 6-weekly intervals thereafter, for total
Nematode and O. ostertagii counts using the McMasters egg count
(I.G. Modified McMasters Method, 1958). Calves were also moni-
tored for hoose larvae using the Baermann larval count (MAFF,
1977). Steers were not sampled for faecal counts or pepsinogen on
8th July.
Haematological
Calves and steers were blood sampled by jugular venipuncture 13
days after turnout and at 6-weekly intervals thereafter. Samples were
collected in K-EDTA tubes for haematological counts (white blood
cells (WBC) categorised into lymphocytes, granulocytes and mono-
cytes, red blood cells (RBC), hemoglobin (Hb), mean corpuscular
volume (MCV) and platelets) [Nihon Kohden, MEK –6180 Celltac,
instrument,Tokyo, Japan]. Serum concentrates of non-esterified fatty
acids (NEFA), creatinine, b-hydroxybutyrate (B+ZB) and
Guithathinine Perxudase (GPX) were measured on an automated
SPACE (Schiapperelli Biosynthesis Inc., USA) analyser.
Statistical analysis
The data were subjected to analysis of variance and if a significant
overall effect was observed Duncan’s multiple range test was
applied to determine statistical differences between groups.
Results
On the 27th May there was no significant difference in parasitic 
burdens as determined by measurements of nematode and ostertagia
egg counts or larvae per gram (LPG) in faecal samples collected from
steers in the three grazing systems. No parasitic burden was detected
in calves from the three grazing systems (Table 1). On examination
of the calf blood physiology and haematological parameters 
separated (S) calves had lower haemoglobin levels (12.4 ± 0.0.21 vs.
12.9 ± 0.38 g/dl), RBC (12.4 ± 0.23 vs. 12.5 ± 0.33 x106/l) and %
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the 14th September may be attributed to the grazing system
imposed on the calves.
Blood haematological measures gave no indication of poor health
for any group as variations were within expected physiological
ranges.White blood cells are responsible for both antibody and cell-
mediated immune responses and any serious change in the number
and/or functioning of WBC impairs the natural defence mechanisms.
Normal cattle blood has 97% lymphocytes, 2.7% granulocytes and
0.3% monocytes. Red blood cells are associated with iron (Fe) and
oxygen transport via the blood and normal concentrations range
from 5.0 –10.0 x 106/ ml. Deficiency of Fe is very rare in ruminants
though during the suckling period levels may be lowest due to
growth and low Fe intake. Mean target values for PCV and Hb,
parameters associated with physiological levels of Fe, are 0.34-0.38
l/l and 8 –15 g/dl respectively. For the young animal PCV and Hb may
fall to reach levels as low as 0.28–0.30 l/l for PCV and 8–9 g/dl for
Hb. For older animals low and high values can arise in situations of
anaemia and haemoconcentration, respectively. MCV (mean corpus-
cular volume) is the mean volume of a red cell and volumes are
highest in calves, decreasing as the animal ages. Low and high values
arise in microcytic and macrocytic anaemia, respectively.
Overall, LF was the best for calves, while S was the best for year-
lings. Grazing calves ahead of yearlings reduced the performance of
the latter compared with where there were no calves.The yearlings
showed no compensatory growth subsequently but the calves
showed some compensatory growth the following grazing season
(Keane, 2000).
Conclusion
In support of the hypothesis, it is concluded that on the basis of the
present study, calves in the L-F system had an advantage over T and
S calves based on their performance, parasitic burdens and blood
physiology.
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calves (0.44 ± 0.02 vs.0.35 ± 0.02 mmol/l). L-F steers had signifi-
cantly higher creatinine levels than T steers (96.25 ± 1.72 vs. 77.09
± 1.87 mmol/l). No other significant change in haematological
parameters was found.
On the 14th September, there were no significant changes in
LPG counts, nematode levels nor ostertagia counts in faecal samples
collected from calves and steers in their respective systems. Faecal
ostertagia counts were higher in L-F and T calves on this date when
compared with samples taken on 10th August. Plasma pepsinogens
were significantly lower in L-F calves compared with T calves (0.72
± 0.06 vs. 1.08 ± 0.08 u/l). Calves in the L-F grazing system had sig-
nificantly higher GPX levels (119.90 ± 4.39 vs. 102.17± 6.09 and
86.22 ± 3.31 iu/gHb), blood creatinine (89.53 ± 1.55 vs. 71.29 ± 2.92
and 68.87 ± 1.94 mmol/l) and BHB (0.27 ± 0.01 vs. 0.32 ± 0.02
mmol/l) concentrations, when compared with values obtained for
calves in the S and T grazing systems. Blood platelet numbers were
significantly lower in L-F calves compared with T calves (648.44 ±
35.60 ± 787.13 ± 36.97 x103/ml). S calves had significantly lower
plasma NEFA levels than L-F and T calves (0.16 ± 0.01 vs. 0.45 ± 0.03
and 0.13 ± 0.02 mmol/l). No other significant change in haemato-
logical parameters was found. S steers had significantly lower %
granulocytes (4.53 ± 1.05 vs. 11.03 ± 3.43) and higher % lympho-
cytes (94.62 ± 1.30 vs. 85.34 ± 5.60) than L-F steers.
Calves had a greater liveweight when grazing in the LF system,
when compared with T (p<0.05,Table 2). Calves in the S treatment
had the lowest liveweight over the grazing period.The liveweight of
yearling animals was increased when grazing separate to the calves
(p<0.05).
Discussion
Faecal egg output was detectable during the entire study period,
with levels greatest 8 weeks after turnout. However, plasma
pepsinogen levels increased throughout the grazing period and were
significantly higher on the 14th September in all calves. Plasma
pepsinogen levels greater than 1U/l are an indicator of a heavy par-
asitic burden.The low plasma pepsinogen levels for the L-F calves on
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evaluate a true count per gram. Calves were also monitored for
hoose larvae using the Baermann larval count. All animals were
blood sampled by jugular venipuncture into EDTA-coated tubes
monthly from turnout to October for plasma pepsinogen.
Results
Total nematode counts were <100 epg for all animals throughout
the grazing season. O. ostertagii were <100 epg for all cows and year-
lings.The O. ostertagii count increased over time for calves (p<0.05)
reaching a maximum of 105 epg in October (Table 3) and there was
no effect of grazing system. Hoose larvae were detected in faecal
samples taken from calves in August, but without treatment were
not detected again when sampled in October.
For yearling cattle, the separated grazing system predisposed
yearlings to higher plasma pepsinogen concentrations (1.13 vs. 0.84,
p<0.001), with pepsinogen concentrations increasing with time
(p<0.05). There was a significant grazing treatment x time inter-
action for cow (p<0.001, Figure 3) or calf (p<0.00, Figure 4)
pepsinogen concentrations.There was no difference between graz-
ing systems for calf liveweight gain while at grass, where calves
gained 232 kg liveweight during the grazing period (Table 4). The
liveweight gain of yearlings (p<0.001) and cows (p<0.01) was
greater when managed in a Leader Follower system.
Discussion
Calves remained healthy during the study, which was reflected in 
the liveweight gain throughout the grazing season. The improved
liveweight gain of yearlings in the leader follower system may be
attributed to the quality of the available pasture.The liveweight gains
of the cows were contrary to findings of the previous year
(McGilloway and O’Riordan, 2000). It was hypothesised that yearling
cattle grazing ahead of the cows and calves would increase the par-
asitic loading on the herbage for the follower calves. However, there
was no effect of grazing system on the faecal epg counts.This may
be attributed to the resistance of the older stock (cows and year-
lings) to infection, which in turn would have interrupted the life
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Study 2
Experimental hypothesis
The faecal egg counts of suckling calves would be reduced when
cows and calves grazed areas separate to yearlings, rather than 
grazing as followers in a leader (yearlings) follower (cows and
calves) system, as yearling animals may be liable to stomach worm
infection, thus adding to the pasture loading.
Materials and methods
Completely randomised blocked design with 2 systems x 2 replicates
x 14 (cows and calves and yearlings) per system.
Animal management
Fifty-six spring calving Limousin x Friesian cows were blocked on
liveweight, calving date and calf sex and assigned within block to one
of four herds, with 14 cow-calf units per herd. Each herd was
assigned at random to one of two treatments: Conventional: cows
and calves grazed areas separate from yearlings which were the
progeny of the suckler herd from the previous year; Leader-
Follower: yearlings grazed ahead of the cows and calves.The year-
lings had been dosed with Ivermectin at housing. Yearlings were
blocked on weight and assigned to one of four herds, with 14 
animals per herd.Two groups of cows and two groups of yearlings
were randomly assigned to each grazing system.The land allocation
to each system was 8.5 ha. In the conventional system the land area
was divided into 22 paddocks to allow 0.6 of the area for the cows
and calves and 0.4 of the area for the yearlings.Animals were turned
out between the 24 –30 March 2000.Animals were inspected daily
for general health.All animals were weighed monthly from turnout
to October.
Parasitological measurements
Animals were faecal sampled from turnout to October for total
nematode and O. ostertagii counts using the McMasters egg count
procedure, while the flotation test was used only for calves to 
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cycle of the nematode and therefore reduce numbers on the pas-
ture. The plasma pepsinogen levels for yearling cattle, which were
higher for animals grazing separate to the cows and calves, which
suggests that the cows reduced the pasture challenge for yearling
cattle.Also the high plasma pepsinogen levels recorded for the cows
may be supportive of data which suggests that older animals can 
suffer from chronic parasitological infections not evident through
faecal count analysis. O. ostertagia egg counts for calves gradually
rose over the grazing season but never reached a critical level which
may have required treatment (≥ 300 epg).This is also supported by
an increase in plasma pepsinogen for all animals in the latter stage
of the grazing season. This may be reflective of the proportionally
greater grass intakes of the calves as the season progressed, an
increase in pasture loading as the season progressed and/or
increased defoliation by animals around dung pat areas due to
decreasing feed availability as the season progressed.
Conclusion
In the grazing season of 2000, yearling cattle grazing in a LF system
did not increase the pasture parasitic challenge for follower calves
when compared with the conventional grazing system. Though 
plasma pepsinogen concentrations increased for all animals
throughout the grazing season, there was no requirement in this
study to treat suckler calves with an anthelmintic.
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Figure 1. Effect of stomach worms on weight gain of grazing calves
(Downey and Hope-Cawdery, 1988)
Figure 2. The life cycle of the stomach worm
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Table 2. Liveweight gains of calves (C) and yearlings (Y) on three 3
grazing managements.
Grazing system LF T S 
C Y C Y C Y 
Liveweights (kg) at end1 242a 494a 205b 505a 190c 529b
1 Grazing systems were described as L-F: Calves grazing ahead of steers; S:
Calves and steers grazing separate areas;T: Calves and steers grazing together
where n=16 per treatment
abcMeans for C or Y without a common superscript differ significantly (P < 0.05)
Table 3. Ostertagia counts (epg) for suckler calves reared in two dif-
ferent grazing systems
Grazing system (G) Significance 
Month (M) LF C G s.e.d M s.e.d GxM s.e.d 
June 73 37 ns 11.8 * 13.3 ns 18.8 
July 61 55 
August 110 95 
October 102 108 
1 Grazing systems were described as; Conventional: cows and calves grazed
areas separate from yearlings; Leader-Follower: yearlings grazed ahead of cows
and calves
Table 4. The effect of grassland management on the live weight gain
(kg/day) of calves, cows and yearling cattle.
Grazing system
Conventional Leader-Follower Significance 
Calves 1.2 1.2 ns 
Cows 0.16a 0.30b ** 
Yearlings 0.88a 1.07b *** 
1 Grazing systems were described as; Conventional: cows and calves grazed
areas separate from yearlings; Leader-Follower: yearlings grazed ahead of cows
and calves
abcMeans within rows without a common superscript differ significantly (P < 0.05)
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L I S T O F E N D O F P R O J E C T R E P O RT S F O R
B E E F P R O D U C T I O N S E R I E S
2001
Optimisation of nutrient supply for beef cattle fed grass or silage (May)
4007 Fluctuations in energy intake and fertility in cattle
(December) 4010 Shortening interval to resumption of ovarian cycles
in postpartum beef cows 4013 Biotechnology in cattle reproduction
(December) 4278 Comparison of genetic merit for beef produc-
tion (March) 4361 Increasing the use of AI in suckler herds (May)
4373 Concentrate supplementation of pasture for beef production
(March) 4383 Characterisation of feedstuffs for ruminants (May) 4388
Cattle embryo growth development and viability (June) 4489
Maximizing annual intake of grazed grass for beef production (June)
4512 Integrated management information system for cattle farms
(April) 4589 Protein nutrition and fertility in cattle (December) 4626a
Respiratory tract vaccination (March) 4626b Weanling mart survey
(April) 4832 Copper, iodine and selenium status of Irish cattle (July) 
2000
Quality Meat Production From Beef Cattle During Winter Finishing
(December) 4614 Effect of floor type and space allowance on wel-
fare of finishing steers (April) 
1999
Nutrition and oestrus and ovarian cycles in cattle (December) 4189
(a) Effect of cattle enterprise type on the rate of disclosure of TB
reactors (May) 4189 (b) The relationship between herd base min-
eral status and the prevalence of TB reactors (May) 4283
Maximising output of beef within cost efficient, environmentally
compatible forage conservation systems (May) 4284 Baled silage
(May) 4370 Calf Health and Immunity (November) 4371 (a) Effect
Of Transport And Mart Experience On Production, Health, Immune And
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Figure 3. Plasma pepsinogen (U/L) for cows grazing in a Leader
Follower (LF) or Conventional (C) grazing system
Figure 4. Plasma pepsinogen (U/I) for calves grazing in a Leader
Follower (LF) or Conventional (C) grazing system
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Physiological Parameters Of 2 To 4 Week Old Calves (November) 4592
Determining the optimum suckler breed for Irish conditions (May)
4662 Breed composition of the Irish cattle herd (December) 3962
Development of a competitive suckler beef production system
(September) 4528 Dystocia in Belgian Blue x Friesian heifers and
other cross breeds (December) 4381 Iodine Supplementation Of
Cattle 
1998
A comparison of Charolais and beef X Friesian suckler cows (October)
4276 Development of a competitive forage based dairy calf-to-beef
system (November) 4277 Effects of concentrate distribution pattern on
the performance of finishing steer fed silage (December) 4279
Production of red veal for the EU market (November) 4280
Management supports to improve health in artificially reared calves
(September) 4281 Efficient beef production from grazed pasture
(November) 4371b Cleanliness of cattle (October) 4424 Evaluation
Of Mix Specification And Pfa As A Cement Replacer In Concretes Used In
Silage Storage Structures 4530 Animal welfare guidelines for beef pro-
ducing farms (October) 
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